The study has analysed the action of histamine in the rabbit venous system and evaluated its potential role in contraction during increased venous pressure. We 
Introduction

Research of cardiovascular regulation is a well-established area of physiological science. However, the role of veins in this process
has never received much emphasis, although about 70% of the circulating blood volume is distributed in the venous system [1] [2] . The main driving force of venous return to the heart was based on the venous pump mechanism. This comprises muscle pumps in extremities, thoraco-abdominal pump vis a fronte and vis a tergo mechanisms of the heart and myogenic mechanism of veins [3] [4] [5] [6] [7] .
It is known that veins are sensitive to a variety of neurotransmitters and autacoids and these can be produced in the wall of the veins [2, 7] . Veins have been described as eliciting contractile responses to norepinephrine [2, [8] [9] [10] [11] [12] , epinephrine [13] [14] [15] [16] [17] [18] , angiotensin II [17] [18] [19] [20] [21] [22] [23] [24] and endothelin [25] [26] [27] [28] . In addition, purinergic mediators such as ATP are also capable of inducing significant venoconstrictions [29, 30] . However, to the best of our knowledge, there are no convincing experimental data for the role of these substances -with the exception of adrenergic neurotransmitters -in the involvement of physiology and pathophysiology of venous return [2, 31] . Vasoactivity of histamine is also well known, and it is described that this autacoid has a prominent action not only in arteries, but in veins as well [32] [33] [34] [35] [36] [37] [38] [39] [40] .
The aim of our study was to analyse the overall mechanical activity of histamine in the rabbit venous system and to evaluate whether histamine has a potential role in venous contraction during increased venous pressure. We 
have found that a great variety exists in the histamine sensitivity and H1-histamine receptor expression in various types of rabbit veins, and that histamine receptor density adapts to the actual and local requirements of the circulation. On the basis of our results, it can be supposed that histamine liberated by the venous wall during increased venous pressure can play a significant role in the mechanism of venous return.
Materials and methods
Animals
Male New Zeeland (Lab-Nyul Kft, Godollo, Hungary) white rabbits were used in the study (weight: 3.2-3.8 kg) . The 
Immunohistochemistry
According to the slight modification of the original method described in Anichtchik et al. [44] and Rinne et al. [45] 
Results
Regional variability of histamine-induced contractions
Immunoblotting of H 1 -histamine receptor proteins
H1-histamine receptors were expressed in high density in saphenous vein and inferior vena cava, whereas expression level of these receptors was low in internal iliac vein and right and left superior vena cavas (Fig. 4) . (Fig. 5) . (Fig. 8) . (Fig. 9) . [2, 6, 7, 46] 
Differences in signalling mechanism of histamine-sensitive veins
process. Thus the effects of inhibitors of kinase, protein kinase C, MAPK and tyrosine kinase were investigated. kinase inhibitors (50 M HA-1077 or Y-27632 10 M) all virtually completely inhibited the histamine-induced force generation in both saphenous vein and inferior vena cava ring preparations (Figs 6-7). Tyrosine phosphorylation was studied by application of genistein 50 M. Strong difference was observed between the two types of vessels in the genistein-induced inhibition of histamine contraction. In saphenous veins, genistein induced a 43% inhibition, whereas it was practically ineffective in inferior vena cava indicating the diverse implication of tyrosine phosphorylation in histamine's actions in the above vessels. The inhibition of protein kinase C by calphostin 0.2 M or inhibition of MAPK by PD-098059 10 M did not influence significantly the development of force in both saphenous veins and the inferior vena cava (data not shown).
Effects of transient clamping/release on the femoral vein in vivo
Effect of stretch of femoral vein on the histamine distribution and content
Rabbits were anesthetized and saphenous vein and inferior vena cava were prepared. One part of the proximal region of these veins was cut and immersed in 4% EDAC, embedded in paraffin and processed for immunohistochemistry (non-stretched veins). A silicon catheter was inserted into the proximal end of the veins and PBS was injected into the vein by a 80-100 mmHg controlled pressure for 20 sec. After this procedure, the intact part of vein was excised and used for immunohistochemistry following the above protocol (stretched veins). Histamine staining was more intensive on stretched saphenous vein and inferior vena cava than on corresponding controls suggesting a causative relationship between stretching and histamine release
Study of histamine liberation from mast cells
Fig. 5 Role of voltage-operated (nifedipine treatment) and receptor operated (SKF-96365 treatment) channels in the histamine-induced contraction of rabbit saphenous vein (grid columns; n ϭ both 6) and abdominal part of inferior vena cava (hatched columns; n ϭ both 5). Contractile force is
